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Onboard monitoring of fatigue damage rates 
– Decision support and sea state estimation
by 
Ulrik Dam Nielsen, Jørgen Juncher Jensen, 
Preben Terndrup Pedersen and Yuichi Ito
International Workshop on Springing and Whipping, 
Dubrovnik, Nov. 10-11, 2010
2Decision support system for ships with 
flexible hull girders
Objective: To show that accumulated fatigue damage rate estimates 
can be included in onboard monitoring systems, so that decision 
support for course and speed changes can be given with respect to 
fatigue damage rates in flexible hull girders.
3The “Agenda”
1. Use full scale stress measurements to show the influence of hull 
flexibility based on Rain Flow Counting.
2. Verify a spectral-based procedure to estimate fatigue damage rates 
from stress measurements recorded during operation on flexible ships. 
3. Describe a procedure for using the ship as a wave buoy for automatic 
onboard estimation of the current sea state. 
4. Present a fast calculation procedure for fatigue damage accumulation 
rates for specific structural details based on given sea state data.  
5. Show that fatigue damage rate contributions can be estimated onboard 
for new sailing courses and/or speeds as well as at different locations 
along the hull girder, i.e.  decision support can be included as part 
of an on-board monitoring system.
41. Rain-flow counting methods 
Firstly, a rain-flow counting procedure is applied to full scale, time 
domain hull girder stress measurements in order to demonstrate 
the importance of the high frequency hull girder response for 
fatigue damage rate estimates for (ultra) large container ships. 
51.1
Stress measurements from a PANMAX Container 
vessel
61.2
Stress time signal and spectrum derived from FFT 
(31/12/2006,  22:00)
WF HF
71.3
Rain Flow Counting results, Low and High 
frequency damage rates per hour 
Observation  from lower figure:
• The ratio of the sum of damage rates from the low and high pass filtered 
stress signals is 20% lower than the damage from the total stress signal.
• The two signals cannot be considered as independent contributors to 
damage rates.
82. Fatigue analysis by spectral methods
Narrow Band Gaussian (Rychlik, 1993):
Combination stationary Gaussian with a transient response following Jiao 
and Moan (1990)
where To is the inter-arrival time between whipping events, Dp represents 
damage due to envelope- and D2 the transient- process.
92.1
Comparison of damage rate estimates
Observations:
• Contribution from high frequency components are about 30%
• The damage from envelope process DP is in fair agreement with 
RFC
• The contribution from the transient process D2 can be neglected
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3. Estimation of Sea State parameters based 
on measured responses
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A set of measured responses could be: Roll 
amplitudes, Vertical bending moments, 
Accelerations forward.
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3.1
Estimated sea states are compared to wave buoy 
measurements and hind cast data 
(Nielsen et al., 2011)
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3.2
Estimated operational conditions compared to 
Deutscher Wetterdienst (DWD)
 The wave buoy analogy can be a good alternative to wave radar 
systems for continuous sea state estimation (Nielsen et al., 2011)
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4. Onboard stress calculations
• With the sea state as input a fast 
analytical procedure is proposed 
(Pedersen and Jensen, 2009) for the hull 
girder response with predictions of 
transient loads due to slamming.
• Non-linear load effects due to bow flare 
slamming are included through the 
skewness of the statistical distribution.
• Slamming induced vertical vibrations 
(whipping) are included through a modal 
superposition procedure.
• The fatigue damage rate due to the high 
frequency transient loads are combined 
with lower frequency wave induced loads.
• Closed-form expressions
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4.1
Closed-form fatigue damage estimation
The fatigue damage rate calculation is extended to a long term prediction 
but follow Jiao and Moan (1990) and express expected damage over a 
time period T to the as 
where Dp is the damage from the envelope process and the transient high 
frequency whipping contribution is represented by D2. Reference is given 
to Pedersen and Jensen (2009) and Jensen et al. (2009).
The only ship parameters entering the procedure are:
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5. Calculated fatigue damage rates at deck 
level amidships
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5.1 
Fatigue damage rates by Rain-flow Counting and 
by the analytical procedure
(179 deg.       168 deg.       153 deg.       145 deg.       145 deg. )
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Conclusions
• The high frequency response is important for fatigue damage rates. 
• Jiao and Moan’s spectral calculation method for fatigue damage 
assessment seems reliable. 
• A system can be designed for automatic onboard calculation of the sea 
state in which the ship is operating
• A procedure can be derived for vertical wave frequency and transient 
whipping hull girder stresses and the associated fatigue accumulation 
rates which is fast and suited for an onboard decision support system. 
• Altogether, it can be concluded that many of the necessary 
elements for an onboard decision support procedure which 
include fatigue damage rate estimation seem to be available.
Thank You
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Non-linear effects in a stationary stochastic sea are 
here included by the skewness:
Approximate wave-induced bending 
moment amidships 
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Standard deviation of the linear part of the wave-induced 
bending moment for P-M spectrum (Jensen & Mansour 2002):
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Total response – whipping contribution
Whipping response based on impulse loading  (Pedersen and Jensen 2009)
• Modal coordinates from:
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Some observations on the stress calculations
With continuous monitoring of sea 
states a fast spectrum based 
estimation procedure for the spatial 
distribution of nominal hull girder 
stresses and fatigue accumulation 
can be developed for the vertical 
response. The results seem to be 
reasonable.
However more research is needed on:
• Slamming load predictions, 
• Unsymmetrical hull girder response, 
and on
• Springing predictions
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Motivation for increased use of hull girder 
monitoring
• Ships are increasing in size and investment
• Ships operate in a very dynamic environment (Waves, ice...)
• Navigators do not have a feel for the level of stresses in the hull
• There is a need to collect data for design validation purposes:
– Non-linearity and combination of sea loads (torsional 
moments, vertical bending …) 
– Data for new fatigue damage and crack growth models (Cui, 
Sumi)
– Bow and stern flare slamming loads
– Whipping transient response (symmetric and asymmetric, 
bow- and stern- induced)
– Springing dynamic response
– Influence of weather routing 
